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012.12.0Abstract The paper presents the calculated dose rate carried out by using MicroShield code to
show the importance of hot water layer system (HWL) in 22 MW open pool type reactor from
the radiation protection safety point of view. The paper presents the dose rate proﬁles over the pool
surface in normal and abnormal operations of HWL system. The results show that, in case of losing
the hot water layer effect, the radiation dose rate proﬁles over the pool surface will increase from
values lower than the worker permissible dose limits to values very higher than the permissible dose
limits.
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The Egyptian second research reactor (ETRR-2) is an open
pool type reactor of full power of 22 MW in normal operation.
The control of working environments is an important and rel-
evant consideration from a safety point of view. The radiolog-
ical hazard for the workers involved in operation of ETRR-2 is
due to the direct radiation and to the radiological contamina-
tion affecting the working areas in which the working activitiesahoo.com, amr.abdelhady@
lty of Engineering, Alexandria
g by Elsevier
g, Alexandria University. Product
08have to be performed. Working over the surface of the pool is
one of the tasks, which the worker has to be done during
normal operation. The radiological source terms that are likely
to affect the worker over the surface of open pool type reactor
are the direct neutron and gamma radiation from the core, the
ﬁssion products, and gamma radiation from activated corro-
sion products in the coolant. A direct radiation from the core
was cautiously assumed to be responsible for a very little dose
rate over the pool surface due to the water shielding over the
core of the reactor (11 m length of water over the core). The
main radiological components responsible of exposure over
the pool surface are the activated and ﬁssion products which
are our concern in this study. Hot water layer (HWL) is a
radioprotection system responsible for preventing the acti-
vated products to reach to the top region of the pool, thus
reducing the dose rate over the pool surface. The present study
aims to present the role of HWL in preventing the radioactive
isotopes from reaching to the top region of the pool and also
compare the dose rate over the surface of the pool in case of
loss of HWL system with the proper function case. The proce-ion and hosting by Elsevier B.V. All rights reserved.
Table 1 Nuclide concentration estimated in reactor pool water at 22 MW [1].
Isotope Concentration (·106 Bq/m3) Type Isotope Concentration (·106 Bq/m3) Type
Ar41 2948 Air activation Na24 2171 Activated product
Ba139 440 Fission product Nb95 54 Fission product
Ba140 109 Fission product Rb88 308 Fission product
Ce144 81 Fission product Rb89 1100 Fission product
Co60 5 Activated product Ru103 18 Fission product
Cr51 136 Activated product Sb122 271 Fission product
Cs134 1 Fission product Sb124 27 Fission product
Cs137 9 Fission product Xe131m 5500 Fission product
Cs138 1188 Fission product Xe135 572 Fission product
I131 190 Fission product Xe135m 220 Fission product
K85m 352 Fission product Xe137 2332 Fission product
Kr87 836 Fission product Xe138 1980 Fission product
Kr88 1100 Fission product Zn65 11 Activated product
Mg27 6820 Activated product Zr95 54 Activated product
Mn56 132 Activated product
160 A. Abdelhadydure takes three sequential steps in order to compute the dose
rate: estimating the radionuclides concentrations in the pool
water, the shielding determination (type of material and
geometry), and ﬁnally the dose rate calculations. MicroShield
code is used to evaluate the dose rate levels over the pool
surface.
2. The radionuclides concentrations in the pool water
The assessment of the dose rate in different positions related to
each radiological source term is a preliminary step in assessing
the exposure dose. In this study, the concentrations of radio-
isotopes dissolved in the pool water has been determined by
considering the operative experience of Argentine research
reactors RA-6 and RA-3 and scaling with the power of
22 MW [1]. The concentrations of isotopes in Bq/m3 are pre-
sented in Table 1. Argon-41 is produced by neutron activation
of air dissolved in the pool water. Nitrogen-16 is produced by
direct neutron irradiation of oxygen-16 of water in the core re-
gion since it is a very short lived isotope, and so its concentra-
tion in the upper part of the pool is negligible. Fission products
such as (Cs134, Cs137, K85m, Kr87, Xe131m, Ba139, and Ba140) are
leaked from the fuel clad with very small quantities [1]. Acti-
vated corrosion products such as (Na24, Mn56, Mg27, and
Cr51) are produced from interaction of neutrons with corro-
sion products of the core system structure [1].
3. Hot water layer system
The reactor core, heat generator, is located in the lower part of
the pool and so a natural convection currents ﬂow from the
lower part to the upper part as shown in Fig. 1. A natural con-
vection currents ﬂow to the upper part transferring the dis-
solved isotopes irradiated in the core. The hot water layer
system has been designed as a protection against radiation
emitted by the isotopes present in the pool water. This purpose
is achieved by the formation and maintenance of a non-active
stable water layer over the pool water mass, through its puri-
ﬁcation and overheating. The temperature difference between
the layer and the pool reduces mixing and accordingly the po-tential contamination of the layer with material which may be
dissolved in the pool water. The thickness of the layer is
approximately 1.5 m, with a temperature difference of over
5 C with respect to the mean temperature of the reactor pool
water [1].
4. The shielding determination
In case of proper function of HWL system, the pool source is
assumed in the calculation as a cylinder volume of water of
dimensions of 9.5 m length and 4.5 m diameter and contains
dissolved radionuclides as shown in Table 1. A layer of
1.5 m of water in the top of the pool is assumed as a shielding
slab. In case of loss of HWL system, the pool source is as-
sumed as a cylinder volume of water of 11 m length and
4.5 m diameter.
5. Microshield code
The computational code has been used to calculate the dose
rate due to the gamma radiation: Microshield version 5 [2].
It is a well-validated shielding design code applied to the study
of the dose rate distributions over the pool surface. The Micro-
shield code allows to implement a three dimensional mathe-
matical model, where the radioactive source can be
distributed with the desired activity concentration. This code
solves the problem of the radiation shielding analysis for much
kind of geometrical structures. It implements the point kernel
technique to evaluate the source effect. This method assumes
that an extended source can be considered as composed by
many isotropic point sources. The global problem is then
solved by integrating the contribution of the differential point
sources over the spatial conﬁguration of the actual emitting
volume. The shielding effect is evaluated using the attenuation
coefﬁcient of the material that is between the source and the
point of interest. The result produced by the code was pointed
out in calculations performed for the so-called ‘‘activity-dose
conversion factors.’’ This kind of calculation is aimed to assess
the ratio between the dose rate over the open pool surface and
the activity concentration on the pool water.
Figure 1 Diagram of main and auxiliary pool.
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Figure 2 Dose rate proﬁles over the pool surface with HWL.
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Figure 3 Dose rate proﬁles over the pool surface without HWL.
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In order to study the effect of the HWL system in radiation
dose levels over the pool surface, the Microshield code was ap-
plied for two cases; normal operation case and loss of HWL
system case. In case of normal operation, the HWL behaves
as a shielding and insulation material preventing the activated
and ﬁssion products dissolved in pool water from reaching to
the surface. Fig. 2 shows the dose rate proﬁles over the pool
surface in case of normal working of HWL system. The curve
proﬁles show that the maximum values are in the center of the
pool surface and decrease with being directed to the pool edge.
The maximum values of dose rates range from 2.611 lSv/h for
the distance of 1 m over the pool surface to 2.08 lSv/h for the
distance of 2 m over the pool surface. The maximum dose rate
values in this case are very low and complied with the dose rate
permissible limits (10 lSv/h) during normal operation [3,4].
Fig. 3 shows the dose rate proﬁles over the pool surface in case
of loss of HWL system (assuming the layer is cold). The dose
rate takes the maximum values at the center of the pool surfaceand decreases with being directed to the pool edge for all the
distances over the pool surface. The dose rate proﬁles have
been determined at distances of 1.0 m, 1.5 m, and 2.0 m from
the pool surface. The maximum dose rate at the pool center
has values ranges from 3.45 · 103 lSv/h for a distance of 1 m
from the pool surface to 1.887 · 103 lSv/h for a distance of
2 m from the pool surface. The dose rate in this case is higher
than the permissible dose rate limits, and the worker cannot
work or execute any task over the pool surface.7. Conclusion
This study shows the important role of hot water layer system
from the radioprotection point of view. The HWL system is
one of the systems responsible of controlling of working
environments during the reactor normal operation. The
HWL system prepares a safe environment over the pool
surface for the worker to work below the permissible dose
162 A. Abdelhadylimits. The study presents also that the dose rate increases to
high level value beyond the permissible dose rate limit in case
of loss of HWL system and the worker cannot stay for work
over the pool surface.
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